We present a mass spectrometric technique for identifying the masses and relative abundances of Coulomb-crystallized ions held in a linear Paul trap. A digital radiofrequency waveform is employed to generate the trapping potential, as this can be cleanly switched off, and static dipolar fields subsequently applied to the trap elec- 
I. INTRODUCTION
Recent improvements in cold molecular beam methods and their combination with ion traps is facilitating exciting new developments in the observation of cold, controlled ionmolecule reactions.
1,2 It is not sufficient, however, to simply conduct experiments in the cold regime; the resulting products must be quantitatively detected to extract information about the reaction process, such as the rate, product branching ratio, and energy dependence.
Trapped, laser-cooled ions can undergo a phase transition to adopt a highly ordered 'Coulomb crystal' structure. Co-trapped ions of a different species may be sympathetically cooled through elastic collisions with the laser-cooled ions, forming multi-component Coulomb crystals. In this way, cold molecular ion targets of species that cannot be laser In complicated chemical systems with multiple product channels, however, MD simulations alone are insufficient for establishing accurate reaction rates. For example, in the reaction between C 2 H + 2 (sympathetically cooled into a Ca + Coulomb crystal) and NH 3 , there are numerous exothermic pathways: proton transfer, charge transfer, two H-elimination pathways and two H 2 -elimination pathways. 4 In this case, both the reactant ions and numerous 'dark' (non-fluorescing) product ions are lighter than the laser-cooled species, and thus would be indistinguishable in the dark inner core. A change in the ratio of the numbers of light ions of different mass would have little effect on the crystal framework. In some instances, resonant-excitation mass spectrometry (MS) methods can be utilized. The 
where we can represent the pulsed waveform as the sum of its cosine Fourier components,
a n cos(nω rf t).
Axial confinement of ions in the trap is obtained through the application of static voltages (U dc ) to the endpieces of the segmented electrodes, φ end (x, y, z) =
, with η = 0.244 a geometrical factor for this trap. The total electric potential is thus φ = φ rf (x, y, t) + φ end (x, y, z). The equations of motion for a single trapped ion can be expressed We can define dimensionless Mathieu parameters which are dependent on the mass (m) and charge (Q) of the species, 2,18
which enable one to construct a DIT stability diagram in terms of U dc and V rf (see Fig. 3 ).
From the secular potential, defined as the sum of the pseudo-potential (the harmonic timeaveraged potential arising from the oscillating RF fields) and the static endpiece potential, one can derive the digital trap depth,
with c = The experimental digital waveform (Fig. 4) detection efficiency is independent of the particular species, for all species considered in this work.
IV. RESULTS AND DISCUSSION
To verify the predicted detection efficiency experimentally, the number of Ca + ions in a given crystal is determined for several hundred Coulomb crystals of various sizes by comparing the experimental image immediately prior to ejection to a set of simulated crystal images (see Fig. 1 ). Following crystal ejection, the area under the relevant mass peak is calculated by integration of the (background-subtracted) TOF trace. 
